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INTRODUCTION
It is known that mildest form of shigellosis is caused by strains of Shigella boydii and S. sonnei, which are predominant in the more developed, industrialized areas of the world [1] [2] [3] . S. flexneri strains are responsible for endemic shigellosis in less developed regions [4] . In developing countries, epidemic shigellosis is almost always caused by Shiga toxinproducing S. dysenteriae type 1 (Sd1). These epidemics can be extremely large and prolonged, often with a high fatality rate, especially in young children, the elderly, and immunocompromised individuals, with devastating public health consequences [5] .
For the first time in 20 years, Thailand experienced Sd1 epidemics in the northeastern provinces in the autumn of 1986 and again in the spring and autumn of 1987. The epidemic strain was resistant to tetracycline, streptomycin, chloramphenicol, and trimethoprim-sulphamethoxazole. There were two deaths among the 101 hospitalized, culture-confirmed cases [6] . In July 1992, there was an emergence of nalidixic acid-resistant Sd1 in a western district of Thailand near the Myanmar border, when 485 schoolchildren contracted dysentery. Coconut milk dessert prepared at a school was identified as the vehicle of transmission [7] . For endemic shigellosis, S. flexneri was the main aetiological agent in the past ; however, since the last decade of the twentieth century, S. boydii and S. sonnei have been responsible for more shigellosis in the country [8] . The incidence of bacillary dysentery officially recorded by the Department of Epidemiology, Ministry of Public Health, Thailand, based on isolation of Shigella from stool samples containing blood and mucus, was y2000 cases annually, a case rate of 3 . 345/100 000 population [8] . These are under-reported data, as it is generally recognized that the clinical features of shigellosis may also include watery stool without blood or mucus, especially those caused by S. boydii and S. sonnei. In this study, serological and molecular characterization of Shigella isolates from patients with watery and/or bloody diarrhoea was done. The patients lived in a new industrialized area of Thailand, the Kaeng-Khoi district of Saraburi province, located y100 km northeast of Bangkok. Methods included plasmid profile analysis [9] , XbaI macrorestriction with pulsed-field gel electrophoresis (PFGE) [10] , and DNA amplification of the ipaH gene by polymerase chain reaction (PCR) [11] .
MATERIALS AND METHODS

Study area and bacterial strains
Shigellosis in the Kaeng-Khoi district of Saraburi province was studied from May 2000 to April 2003. The area is a small city surrounded by rural villages that depend primarily on agriculture for income ; in addition, there are also large industrial areas. The Thailand government census in 2003 indicated that there was a total of population of 80141 in this area, including 39594 males and 40 547 females. There were 5686 children aged <5 years. The area has 20 community health centres and two hospitals.
A total of 183 Shigella isolates were obtained. They were initially characterized according to serogroups, serotypes and/or phases (for S. sonnei strains) using specific sera (Denka Seiken, Tokyo, Japan). The bacteria were then characterized by plasmid profile analysis, PFGE and DNA amplification of the ipaH gene. Shigella strain SH145 was used as a positive control in the PCR for amplification of the ipaH gene [12] . This strain was from the Armed Forces Research Institute of Medical Science (AFRIMS), Bangkok, Thailand.
Plasmid profile analysis
Analysis of plasmids was performed as previously described [9] . Plasmid DNA from each isolate was prepared by rapid alkaline lysis procedure [13] . The method relies on alkaline SDS to free the plasmid DNA from the cell. Each plasmid preparation was fractionated in 0 . 5 % agarose gel (Seakem 1 LE, Rockland, ME, USA) in TAE buffer and the gel was stained with 0 . 5 mg/ml ethidium bromide. The plasmid profiles were visualized using Gel Doc 2000 (Bio-Rad Laboratories, Richmond, CA, USA). One-kb DNA marker (Fermentas, Ontario, Canada) was used as sized standards. Because large plasmids of Shigella spp. tend to be lost during storage and subculturing or plasmid extraction, only plasmid bands below the chromosomal DNA band were taken into account for plasmid profile analysis [14] .
PFGE
Genomic DNA for PFGE was prepared in agarose plugs using the method previously described [10] . Slices of agarose plug were digested with 20 U XbaI restriction endonuclease (Fermentas). The restriction fragments were separated by using the contourclamped homogeneous electric field method on a CHEF MAPPER System (Bio-Rad) under predetermined conditions (21 h at a temperature of 14 xC, 120x constant angle, 6 V/cm and with ramped pulsed time of 2-30 s). After electrophoresis, the gel was stained with 0 . 5 mg/ml ethidium bromide (Sigma-Aldrich, St. Louis, MO, USA) in 0 . 5rTBE for 20 min, destained in 0 . 5rTBE for 30 min, viewed and photographed under Gel Doc 2000 (Bio-Rad). Concatemers of the l phage DNA ladder (Promega, Madison, WI, USA) starting at 50 kb was used as a molecular size marker. The chromosomal restriction PFGE profiles were classified visually into banding patterns on the basis of differences in numbers and locations of the DNA fragments.
PCR
PCR was used for detecting ipaH in the 183 Shigella isolates. The target gene is unique to members of the genus, and is also a marker for invasiveness into host intestinal cells ; the gene is present in multiple copies in both plasmids and chromosomes [15] . The primer sequences for amplification of this gene were, forward : GTT CCT TGA CCG CCT TTC CGA TA, and reverse : GCC GGT CAG CCA CCC TA [12] . The PCR mixture contained 2 . 5 ml 10rbuffer (1 . 5 mM MgCl 2 , 0 . 2 mM dNTPs (dATP, dGTP, dCTP, and dTTP) (Sib Enzyme Ltd, Novosibirk, Russia), 1 mM of individual primers (Amersham Biosciences, Piscataway, NJ, USA), 0 . 75 U Taq polymerase (Finnzymes Oy, Espoo, Finland) and 3 ml of DNA templates. The final volume was adjusted by adding sterilized distilled water to 25 ml. The mixture was processed in a thermocycler (Eppendorf Mastercycler Gradient, Foster City, CA, USA) for DNA amplification. The steps and condition of the PCR assay for DNA amplification were : denaturation at 94 xC for 60 s, annealing at 60 xC for 90 s, extension at 72 xC for 60 s and final extension at 72 xC for 10 min [9] . The expected size of the PCR amplicon was 500 bp and was revealed by Gel Doc 2000 (Bio-Rad). The size of the DNA amplicon was determined by comparison with the standard marker [11, 12] .
RESULTS
Serogroups and serotypes of the Shigella spp.
Of the 183 isolates, 167 were S. sonnei (nine strains were phase I, 78 strains were phase II, and 80 strains were phase I, II) and 16 isolates were S. flexneri (nine strains were serotype 1b, and seven strains were serotype 2a). 
Total no. of isolates 183 I  II  III  IV  V  VI  VII  VIII  IX  X  XI   Shigella sonnei  Phase I  -4*  -1  -1  --1  2  -9  Phase II  4  57  4  3  3  -3  1  -2  1  78  Phase I, II  2  59  2  3  5  2  --1  4  2  80  Subtotal  6  120  6  7  8  3  3  1  2  8  3  167 Shigella flexneri 1b - 
Plasmid profile analysis
The results of plasmid analysis revealed that the 183 isolates had 16 different plasmid profile patterns, designated patterns A to P (Table 1) . Fifty-six S. sonnei strains had pattern A (four plasmid bands: 5 . 5, 4 . 5, 3 . 25, and 1 . 75 kb). Thirty-one strains had plasmid profile pattern B, which consisted of three plasmid bands (5 . 5, 4 . 5 and 3 . 25 kb), and 18 strains had plasmid profile patterns F, which were five plasmid bands (5 . 5, 4 . 5, 3 . 25, 1 . 75 and 1 . 5 kb).
The rest of the strains had plasmid profile patterns G (11 strains), E (10 strains), I (10 strains), D (10 strains), C (9 strains), H (6 strains), P (6 strains), J (3 strains), O (5 strains), N (4 strains), K (2 strains), L (1 strains), and M (1 strain) ( Table 2) .
PFGE
The 183 isolates had 45 different PFGE banding patterns which can be grouped into 11 groups (Fig. 1 , Table 3 ). Fifty S. sonnei isolates had DNA banding pattern 6, while 28, 24, 12, 6, and 4 of the remaining S. sonnei isolates had patterns 13, 5, 9, 19 , and 22 respectively. One isolate each of seven S. flexneri 2a showed patterns 10, 13, 25, 34, 35, 37 and 42. Three S. flexneri 1b isolates had pattern 42, two had pattern 19 and one each of the remaining 4 S. flexneri 1b isolates had patterns 18, 25, 36 and 43. Table 4 summarizes the serogroups, serotypes, plasmid profiles, and PFGE profiles of all isolates.
PCR
All 183 isolates produced PCR amplicons of the ipaH gene of 500 bp (Fig. 2) .
DISCUSSION
In this study, Shigella strains were isolated from rectal swab samples of patients with watery and/or bloody diarrhoea. The patients were inhabitants of Kaeng-Khoi district, which is a new industrialized town in lower northeastern Thailand. The majority of the isolates were found to be S. sonnei (91 . 25 %), while I I  E  I I  F  I, II, IV, VIII  G  II,  H  II, IV, VII  I  II, IV  N  I I  O  I I  P  II, III   Shigella  sonnei   Phase I, II A  I, II, IV, V, VI, XI  B  II, III, VI, IX  D  II, IV  E  I I  F  II, V, X  G  I I  H  I I  I  II, X, XI,  K  II, V  N  X  O  I I  P  II, III the remainder (8 . 75 %) were S. flexneri. The finding conforms with the previous investigation of shigellosis in a coastline province of Thailand where cases of shigellosis caused by S. sonnei and S. boydii outnumbered the cases caused by S. flexneri [16] , and agreed well with the data for the whole country [8] . Shigellae usually harbour various plasmids, such as those required for bacterial invasion into the host intestinal epithelial cells and antibiotic resistance [17] . As many as 10 plasmids were contained in one strain [18] . Thus, plasmid profile analysis is one of the appropriate methods for molecular characterization of shigellae, while the technique is less useful for the bacteria that have only a few or no plasmids, e.g. Vibrio cholerae. However, it must be noted that plasmids are highly mobile genetic elements and bacteria may be cured, or they may acquire additional plasmids at any time. Thus, differentiation of the strains should not rely on plasmid profiling, and an additional molecular method should be used. In this study, plasmid profile analysis and PFGE were used to characterize Shigella isolates from patients with diarrhoea. With the plasmid analysis, up to different 16 profiles were identified amongst the 183 isolates. Results conformed with the data reported elsewhere that Shigella spp. harbours heterogeneous population of plasmids [17, 18] .
Previous studies have shown that PFGE has high discriminatory power in the molecular characterization of several enteric bacteria including Shigella. The method has been used as a reference epidemiological tool in conjunction with other methods, e.g. plasmid profile analysis, and antibiotic susceptibility biogram for differentiation of Shigella spp. [17, 19] . Restriction endonucleases regularly used include NotI and XbaI [14, 17, 20] . In this study, the XbaIdigested genomic DNA fragments of the 183 isolates were analysed using PFGE. As many as 45 different DNA banding patterns, which could be arbitrarily grouped into 11 groups, were revealed. PFGE seemed to have higher discriminatory power than the plasmid profile analysis, however, there was no correlation between the PFGE patterns and plasmid profiles ( Table 4 ). All isolates were confirmed by PCR to be pathogenic by the presence of the ipaH gene [11, 15, 21, 22] .
Shigella in Thailand has never been characterized by PFGE and plasmid profile analysis. Thus, our data provides baseline molecular markers which can be useful in the shigellosis surveillance.
